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SUPPLY CIRCUIT WITH RIPPLE 
COMPENSATION 

FIELD OF THE INVENTION 

0001. The invention relates to a supply circuit, to a device 
comprising the Supply circuit, to a method for operating the 
Supply circuit and to a computer program product for operat 
ing the Supply circuit. 
0002 Examples of such a supply circuit are switched 
mode power Supply circuits and Switching power converters. 
Examples of Such a device are mobile phones and personal 
computers and further consumer products and non-consumer 
products. 

BACKGROUND OF THE INVENTION 

0003) A prior art supply circuit is known from U.S. Pat. 
No. 5,668,464, which discloses a feed forward active filter for 
output ripple cancellation in Switching power converters. The 
prior art Switching power converter comprises an inductor. A 
first side of the inductor is coupled to a switch and a second 
side of the inductor is coupled to a parallel circuit of a capaci 
tor and a load. The switching of the switch results in a ripple 
Voltage present in the output Voltage across the capacitor. To 
compensate for this ripple Voltage, the prior art Switching 
power converter comprises complex circuitry for detecting 
the ripple Voltage and for deriving a compensating current 
from the detected ripple Voltage. This complex circuitry com 
prises for example two integrators, two multipliers and an 
amplifier. The prior art switching power converter further 
comprises a transformer for injecting the compensating cur 
rent into the parallel circuit of the capacitor and the load. 
0004. The known supply circuit is disadvantageous, inter 

alia, owing to the fact that it comprises a resonant injection 
circuit that may interfere with the load. Further, in case of the 
load introducing much noise across the capacitor, the ripple 
Voltage might be difficult to detect across this capacitor. 

SUMMARY OF THE INVENTION 

0005. It is an object of the invention, interalia, to provide 
a Supply circuit that can detect the ripple Voltage across the 
capacitor even in case the load introduces relatively much 
noise across this capacitor. 
0006 Further objects of the invention are, inter alia, to 
provide a device comprising a Supply circuit that can detect 
the ripple Voltage across the capacitor even in case the load 
introduces relatively much noise across this capacitor, and to 
provide a method and a computer program product for oper 
ating a Supply circuit that can detect the ripple Voltage across 
the capacitor even in case the load introduces relatively much 
noise across this capacitor. 
0007. The supply circuit according to the invention com 
prises: 
0008 an inductor comprising a first electrode coupled to 
Switching means and comprising a second electrode, 
0009 an impedance comprising a third electrode coupled 
to the second electrode and comprising a fourth electrode, 
0010 a capacitor comprising a fifth electrode coupled to 
the fourth electrode and comprising a sixth electrode, 
0011 a current injector coupled to the third electrode for 
compensating a ripple in a Voltage signal between the fifth 
and sixth electrodes, and a feedback loop for detecting a 
detection signal via the impedance and for Supplying a con 
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trol signal to the current injector and comprising a converter 
for converting the detection signal into the control signal. 
0012. The fifth and sixth electrodes for example constitute 
outputs of the Supply circuit. By injecting a compensating 
current at a point different from the outputs, the ripple in the 
output Voltage can be detected via the impedance in more than 
one way. As a result, even in case of the load introducing 
much noise across the capacitor, the ripple Voltage can still be 
detected, but now via the impedance. 
0013 The current injector for example comprises a cur 
rent Source in the form of a push-pull amplifier Such as dis 
closed in U.S. Pat. No. 5,955,923, without excluding other 
kinds of amplifiers and other kinds of current sources. Alter 
natively, the current injector might comprise a transformer. 
The detection signal for example comprises a further Voltage 
signal, without excluding other kinds of detection signals 
Such as magnetic fields etc. 
0014. An embodiment of the supply circuit according to 
the invention is defined by inputs of the feedback loop being 
coupled to the third electrode and to the fourth electrode or the 
sixth electrode. In this case, the ripple in the output Voltage is 
detected by either measuring for example a Voltage across the 
impedance or measuring for example a Voltage across a serial 
circuit of the impedance and the capacitor. 
0015 The impedance for example comprises a resistor or 
a track on a circuit board having a resistance. However, in that 
case, a DC voltage will be present across this impedance that 
needs to be filtered since the AC voltage across the impedance 
is to be used for the compensation feedback loop. Alterna 
tively, an amplifier may be used followed by a high pass filter 
for amplifying the Voltage across the impedance and then 
high pass filtering the amplified Voltage for removing the DC 
component, or a high pass filter may be used followed by an 
amplifier for high pass filtering the Voltage across the imped 
ance for removing the DC component and then amplifying the 
filtered voltage etc. Further, the impedance in the form of a 
resistor or a resistance will dissipate power. 
0016. The supply circuit according to the invention might 
be further improved by coupling a filtering capacitor to the 
third and sixth electrodes. Such a filtering capacitor may have 
a smaller value than the capacitor as to filter high frequency 
noise originating from the load. 
0017. An embodiment of the supply circuit according to 
the invention is defined by the impedance comprising a fur 
ther inductor. In this case, the DC voltage will be smaller 
across the impedance, and the dissipation of power will be 
Smaller, compared to using an impedance in the form of a 
resistor or a resistance. The impedance in the form of the 
further inductor comprises for example an inductor or a track 
on a circuit board having an inductance. 
0018. An embodiment of the supply circuit according to 
the invention is defined by the converter comprising an ampli 
fier for amplifying the detection signal and comprising a 
rectifier for rectifying the amplified detection signal and com 
prising an integrator for integrating the rectified amplified 
detection signal, the control signal comprising the integrated 
rectified amplified detection signal. This is a low complex 
feedback loop. 
0019. An embodiment of the supply circuit according to 
the invention is defined by the rectifier comprising a multi 
plier for multiplying the amplified detection signal with a 
duty cycle signal. This is a low complex rectifier. 
0020. In general, linear (analog) multipliers will increase 
the complexity of the Supply circuit compared to digital mul 



US 2009/0302813 A1 

tipliers, owing to the fact that these linear (analog) multipliers 
may suffer from DC offset problems. Full digital multipliers 
do not suffer from DC offset problems but require timing. 
Synchronous rectifiers can multiply an analog signal with a 
digital signal and thus are less sensitive to offset than a linear 
multiplier. With synchronous rectification, timing aspects are 
also involved. With synchronous rectification, the impedance 
will preferably be in the form of the further inductor, since 
otherwise, in case of the impedance being in the form of the 
resistor, further signal processing Such as phase shifting will 
need to be performed on behalf of the timing of the digital 
multiplier, owing to the fact that the Voltage across and the 
current through the resistor are in phase. 
0021. An embodiment of the supply circuit according to 
the invention is defined by the integrator comprising a mul 
tiplier for multiplying the rectified amplified detection signal 
with a saw tooth signal. This is a low complex integrator. 
0022. An embodiment of the supply circuit according to 
the invention is defined by the converter further comprising 
one or more high pass filters for filtering the detection signal 
and/or for filtering the amplified detection signal. Such a high 
pass filter improves the performance of the feedback loop. 
Further filters, such as low pass filters and band pass filters, 
are not to be excluded. 
0023. An embodiment of the supply circuit according to 
the invention is defined by the Switching means comprising 
transistors and the Supply circuit being a Switched mode 
Supply circuit. 
0024. Embodiments of the device according to the inven 
tion and of the method according to the invention and of the 
computer program product according to the invention corre 
spond with the embodiments of the Supply circuit according 
to the invention. 
0025. The invention is based upon an insight, inter alia, 
that a load of a Supply circuit might introduce so much noise 
across an output capacitor of the Supply circuit that a ripple 
Voltage across this capacitor is difficult to detect, and is based 
upon a basic idea, interalia, that a compensating current is to 
be injected at a point different from the electrodes of the 
output capacitor. 
0026. The invention solves the problem, interalia, to pro 
vide a Supply circuit that can detect the ripple Voltage across 
the output capacitor even in case the load introduces relatively 
much noise across this output capacitor, and is advantageous, 
interalia, in that the ripple Voltage in the output Voltage can be 
detected in more than one way. 
0027. These and other aspects of the invention will be 
apparent from and elucidated with reference to the embodi 
ment(s) described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. In the drawings: 
0029 FIG. 1 shows diagrammatically a supply circuit 
according to the invention, 
0030 FIG. 2 shows diagrammatically a device according 
to the invention, 
0031 FIG. 3 shows a voltage across an inductor of a Sup 
ply circuit and a resulting current through the inductor of the 
Supply circuit and resulting Voltages across parts of a capaci 
tor, 
0032 FIG. 4 shows examples of synchronous rectification 
to be performed in a converter of a Supply circuit, 
0033 FIG. 5 shows simulation results of voltages across 
the inductor of the Supply circuit and resulting Voltages across 
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parts of the capacitor of the Supply circuit and resulting non 
rectified and rectified voltages at the output of the supply 
circuit, and 
0034 FIG. 6 shows a voltage across the inductor and a saw 
tooth Voltage derived from this Voltage across the inductor 
and a saw tooth current derived from the saw tooth voltage 
and a compensating current derived from the saw tooth cur 
rent via multiplication. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0035. The supply circuit 1 according to the invention 
shown in FIG. 1 comprises an inductor 2 with a first electrode 
11 coupled to switching means 7 and with a second electrode 
12 and comprises an impedance 3 with a third electrode 13 
coupled to the second electrode 12 and with a fourth electrode 
14 and comprises a capacitor 4 with a fifth electrode 15 
coupled to the fourth electrode 14 and with a sixth electrode 
16. The switching means 7 comprise a first switch coupled to 
the first electrode 11 and to an input electrode 17 and com 
prise a second switch coupled to the first electrode 11 and to 
a further input electrode 18. Between the input electrodes 17 
and 18, a further capacitor 8 is present, to for example 
Smoothen a rectified AC voltage signal offered at the input 
electrodes 17 and 18. The switching means 7 are operated in 
a way common in the art, whereby, for example, in a first 
mode the first Switch may be in a conducting state and the 
second Switch may be in a non-conducting state, and in a 
second mode the first Switch may be in a non-conducting state 
and the second Switch may be in a conducting state etc. The 
Switches for example comprise transistors and the Supply 
circuit 1 for example is a Switched mode (power) Supply 
circuit. 

0036. The supply circuit 1 according to the invention also 
comprises a current injector 5 coupled to the third electrode 
13 for compensating a ripple in a Voltage signal across the 
capacitor 4 between the fifth and sixth electrodes 15,16, and 
comprises a feedback loop for detecting a detection signal via 
the impedance 3 and for Supplying a control signal to the 
current source 5. This feedback loop comprises a converter 6 
for converting the detection signal into the control signal. In 
other words, one of the inputs of the converter 6 is coupled to 
one of the electrodes 13 and 14. The fourth and fifth elec 
trodes 14 and 15 are further coupled to an output electrode 19, 
and the sixth electrode 16 is further coupled to the further 
input electrode 18 and to a further output electrode 20. 
0037. By letting the current injector 5 inject a compensat 
ing current at a point different from the outputs constituted by 
for example the electrodes 15 and 16 (19 and 20), the ripple in 
the output voltage across the capacitor 4 can be detected in 
more than one way. As a result, even in case of the load 
introducing much noise across the capacitor 4, the ripple 
voltage can still be detected, but now via the impedance 3. 
The current injector 5 for example comprises a push-pull 
amplifier such as disclosed in U.S. Pat. No. 5,955,923, with 
out excluding other kinds of amplifiers and other kinds of 
current sources. Alternatively, the current injector 5 might 
comprise a transformer. The current injector 5 injects a posi 
tive current or a negative current. An injection of a negative 
current of course corresponds with an extraction of a positive 
current etc. The detection signal for example comprises a 
further Voltage signal, without excluding other kinds of detec 
tion signals such as magnetic fields etc. 
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0038 Preferably, inputs of the feedback loop are coupled 
to the third electrode 13 and to the fourth electrode 14 or the 
sixth electrode 16. In other words, the inputs of the converter 
6 are preferably coupled to the third electrode 13 and to the 
fourth or sixth electrode 14 or 16. In this case, the ripple in the 
output Voltage is detected by either measuring for example a 
Voltage across the impedance 3 or measuring for example a 
Voltage across a serial circuit of the impedance 3 and the 
capacitor 4. 
0039. The impedance 3 for example comprises a resistor 
or a track on a circuit board having a resistance. However, in 
that case, a DC Voltage will be present across this impedance 
that needs to be filtered since the AC voltage across the 
impedance is to be used for the compensation feedback loop. 
Alternatively, an amplifier may be used followed by a high 
pass filter for amplifying the Voltage across the impedance 
and then high pass filtering the amplified Voltage for remov 
ing the DC component, or a high pass filter may be used 
followed by an amplifier for high pass filtering the voltage 
across the impedance for removing the DC component and 
then amplifying the filtered voltage etc. Further, the imped 
ance 3 in the form of a resistor or a resistance will dissipate 
power. 
0040. The supply circuit 1 according to the invention 
might be further improved by coupling a filtering capacitor to 
the third and sixth electrodes 13 and 16. Such a filtering 
capacitor may have a smaller value than the capacitor as to 
filter high frequency noise originating from the load. 
0041) Preferably, the impedance 3 comprises a further 
inductor, to avoid that a DC voltage will be present across the 
impedance 3 (in an ideal situation) and to avoid that power is 
dissipated (again in an ideal situation). 
0042. The converter 6 comprises a high pass filter 61 with 
an input for example coupled to the third and fourth elec 
trodes 13 and 14 for filtering the detection signal and with an 
output coupled to an input of an amplifier 62 for amplifying 
the detection signal. An output of the amplifier 62 is coupled 
to an input of a further high pass filter 63 for further filtering 
the amplified detection signal, and an output of this further 
high pass filter 63 is coupled to an input of a rectifier 64 for 
rectifying the amplified signal. An output of the rectifier 64 is 
coupled to an input of an integrator 65 for integrating the 
rectified and amplified signal, and an output of the integrator 
65 is coupled to a control input of the current injector 5 for 
Supplying a control signal to the current injector. This control 
signal comprises the integrated and rectified and amplifier 
(and (further) filtered) signal. 
0043 Preferably, the rectifier 64 comprises a multiplier for 
multiplying the amplified detection signal with a duty cycle 
signal, and the integrator 65 comprises a multiplier for mul 
tiplying the rectified amplified detection signal with a signal 
similar to a wave shape of a current in the inductor, for 
example a saw tooth signal derived from the duty cycle signal. 
0044) The device 30 according to the invention shown in 
FIG. 2 comprises a circuit 31 for supplying for example a 
rectified AC signal. An output of this circuit 31 is coupled to 
the input electrodes 17 and 18 of the supply circuit 1, and the 
output electrodes 19 and 20 of the supply circuit 1 are coupled 
to an input of a circuit 32 for receiving, processing and/or 
transmitting signals. In this case the Supply circuit 1 performs 
down converting or buck converting. Alternatively, the Supply 
circuit 1 may perform up converting or boost converting. In 
that case, the electrodes 19 and 20 constitute the inputs and 
the electrodes 17 and 18 constitute the outputs. 
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0045. In FIG.3, a voltage across the inductor 2 of a supply 
circuit and a resulting current through the inductor 2 of this 
Supply circuit and resulting Voltages across parts of the 
capacitor 4 are shown. The parts of the (non-ideal) capacitor 
4 for example comprise an equivalent serial resistance ESR, 
an equivalent serial inductance ESL, and a wanted capaci 
tance CAP. A sum of the voltages across these three parts 
forms a ripple that is to be compensated. 
0046. In FIG. 4, examples of synchronous rectification to 
be performed in the converter 6 of a supply circuit are shown. 
For a particular Voltage across the inductor 2 in combination 
with a Switching signal M, resulting Voltages derived from the 
ESR and ESL contributions are shown. Horizontal dashed 
lines indicate Zero levels. M=+1 or -1. So, in other words, in 
FIG. 4, the impact of the timing of the multiplication of the 
signals detected across an impedance Such as a resistance or 
an inductance is shown. 
0047. Thereto, the ripple is multiplied with a signal related 
to a duty-cycle of the Switching means 7. This operation is 
also called synchronous multiplication and can be performed 
by for example using Gilbert cells. As a result, signals that are 
correlated with the duty cycle such as the ripple can be dis 
tinguished from other non-correlated signals as for example 
output noise resulting from the load. In the upper graphs of 
FIG. 4, the switching signal M is derived from the voltage 
across the inductor 2 in a non-phase shifted way, in the lower 
graphs of FIG. 4 the switching signal M is derived from the 
Voltage across the inductor 2 in a phase shifted way (M 
changes its sign at middle points of extreme values of the 
Voltage across the inductor 2). 
0048. A synchronous multiplier such as a rectifier in case 
of the multiplication factor of the switching signal M being 
+1/-1 implements a narrow band-pass filter that eliminates 
signals other than those correlated to the Switching signal. As 
a result, noise signals at the output of the Supply circuit that 
are caused by the load do no longer have any influence on the 
compensation of the ripple. Simulation results in FIG.5 show 
that synchronous rectification can yield a DC signal. 
0049. In FIG. 5, simulation results of voltages across the 
inductor 2 of the Supply circuit 1 and resulting Voltages across 
parts of the capacitor 4 of the Supply circuit 1 and resulting 
non-rectified and rectified voltages (Vout and Vrec) at the 
output of the supply circuit 1 are shown. The four upper 
Voltages are AC Voltages, the lowest Voltage is a rectified 
Voltage. 
0050. In FIG. 6, a voltage across the inductor 2 (VL) and 
a saw tooth voltage (VRIP) derived from this voltage across 
the inductor 2 and a saw tooth current (IRIP) derived from 
the saw tooth Voltage and a compensating current (ICOM) 
derived from the saw tooth current via multiplication are 
shown. As explained and simulated before, a signal is derived 
from the ripple using synchronous rectification. This derived 
signal can be integrated and can provide again signal G that 
drives the gain unit in FIG. 6. At complete cancellation, the 
derived signal will be Zero and the integrated value of the gain 
signal G will not further increase. A too high value of the 
compensating current would yield an inverted ripple signal 
and a negative value of the derived signal. As a consequence, 
this would yield a decrease of the gain signal G until full 
cancellation is obtained. 
0051. The supply circuit 1 according to the invention may 
be used in a single phase situation (one inductor 2) as well as 
in a multi phase situation with several parallel inductors that 
can be Switched such that for example each phase has its own 
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inductor. The several inductors may add their current into a 
single node together with a compensation current that are all 
fed to the output via a common impedance 3. 
0052 So, a prior art supply circuit that comprises an 
inductor 2 coupled to switching means 7 and that comprises a 
capacitor 4 is according to the invention provided with an 
impedance 3 located between the inductor 2 and the capacitor 
4 and with a current injector 5 and with a feedback loop 
comprising a converter 6 for controlling the current injector 5 
for compensating a ripple in an output voltage across the 
capacitor 4. The impedance 3 allows an injection of a com 
pensating current at a location different from an output loca 
tion, this increases a number of possible detections of the 
ripple in the output voltage and makes a distinction between 
the contradictory requirements towards the performance of 
the output capacitor 4 and required measurement sensitivity. 
The converter 6 measures a voltage across the impedance 3 or 
across a serial circuit of the impedance 3 and the capacitor 4. 
The impedance 3 comprises a resistor or a further inductor. 
0053. The supply circuit 1 according to the invention Sup 
plies a voltage signal between the fifth and sixth electrodes 15 
and 16 and, in other words, supplies an output voltage across 
the capacitor 4 to a load. The method according to the inven 
tion operates the supply circuit 1 according to the invention 
for supplying a voltage signal between the fifth and sixth 
electrodes 15 and 16 and, in other words, supplying an output 
voltage across the capacitor 4 to a load. Therefore, in other 
words, the method according to the invention supplies a Volt 
age signal between the fifth and sixth electrodes 15 and 16 
and, in other words, supplies an output voltage across the 
capacitor 4 to a load. 
0054. It should be noted that the above-mentioned 
embodiments illustrate rather than limit the invention, and 
that those skilled in the art will be able to design many 
alternative embodiments without departing from the scope of 
the appended claims. In the claims, any reference signs placed 
between parentheses shall not be construed as limiting the 
claim. Use of the verb “to comprise and its conjugations does 
not exclude the presence of elements or steps other than those 

& Go stated in a claim. The article “a” or “an' preceding an element 
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does not exclude the presence of a plurality of such elements. 
The invention may be implemented by means of hardware 
comprising several distinct elements, and by means of a Suit 
ably programmed computer. In the device claim enumerating 
several means, several of these means may be embodied by 
one and the same item of hardware. The mere fact that certain 
measures are recited in mutually different dependent claims 
does not indicate that a combination of these measures cannot 
be used to advantage. 

1. A method of determining a plaintext M on the basis of a 
cipher Cand using a secret key d, wherein the secret key d is 
used in binary form, wherein the plaintext M is determined in 
each iteration step i for the corresponding bit d, and a security 
variable M, is determined in parallel therewith, and then a 
verification variable x is determined by means of a bit-com 
patible exponent of the secret key d. 

2. A method as claimed in claim 1, characterized in that the 
plaintext is determined by means of exponentiation (modN). 

3. A method as claimed in claim 1, characterized in that a 
multiplication/squaring algorithm is used in order to deter 
mine the plaintext. 

4. A method as in claim 1, characterized in that an addition/ 
doubling algorithm is used in order to determine the plaintext. 

5. A method as claimed in claim 1, characterized in that 
M=X*M mod N for d=1 is calculated in order to determine 
the plaintext. 

6. A method as claimed in claim 5, characterized in that 
M-M*x mod N for d=0 is calculated as ineffective multi 
plication. 

7. A method as claimed in claim 1, characterized in that 
MX+Mford, 1 is calculated in order to determine the plain 
text. 

8. A method as claimed in claim 5, characterized in that 
MX+M, for d=0 is calculated as ineffective addition. 

9. A method as claimed in claim 1, characterized in that 
M*M mod N=X is calculated for verification purposes. 

10. A method as claimed au claim 1, characterized in that 
M+M, X is calculated for verification purposes. 
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